ABSTRACT The respiratory responses of 52 diabetics and 65 non-diabetic controls to hypoxia, hypercapnia, and exercise were studied. Twenty five per cent of the diabetics had evidence of impaired sensitivity to hypoxia or decreased ventilatory response to hypercapnia, while 7 
Autonomic neuropathy is being increasingly recognised as an important complication of diabetes. Disease of the cardiovascular system has been associated with a poor prognosis, ' and defective respiratory reflexes have been postulated as an aetiological factor in the causation of sudden and unexplained cardiorespiratory arrests in diabetics with symptoms of autonomic neuropathy. 2 Despite an initial report,3 several subsequent studies have failed to demonstrate any impairment of the ventilatory response to hypoxia in diabetics with symptoms of autonomic neuropathy. [4] [5] [6] There are also conflicting reports on whether diabetics with peripheral neuropathy have an abnormally decreased response to hypercapnia.5' The present study was designed to assess the ventilatory responses of a randomly selected group of diabetics to hypoxia, hypercapnia, and exercise. 530 appreciation of vibration, touch, or pain) diabetic eye disease (cataracts and retinopathy), and peripheral arterial disease (absent pulses). Urine was checked for protein (>0.3 g/l).
All non-diabetic controls either had their urine checked for glycosuria or had a random blood sugar estimation performed to ensure that they were not symptomless diabetics, or had both tests done. The venous blood concentrations of potassium and sugar were estimated in 48 Measurement of sensitivity to hypoxia A 6 litre anaesthetic bag was connected to a mouthpiece via a three way tap, which enabled the patient to breathe either air or the contents of the bag. The distal part of the mouthpiece was connected to a carbon dioxide analyser.
The subject was allowed to breathe air quietly for five minutes. He was then asked to exhale fully to residual volume at the end of a normal expiration so that an alveolar sample could be collected for measurement of carbon dioxide tension (Pco2). The test procedure was started when three successive values for Pco2, measured at intervals of three to four minutes, were within 4 mm Hg (0.53 kPa) of each other.
Subjects were asked to exhale to residual volume and then inhale to total lung capacity. Two different concentrations of oxygen were used (10% and 100%) and the order in which they were inhaled was decided by lottery. Breath holding time was measured by a stopwatch from the time the subject attained total lung capacity to the start of the next exhalation.
As volition is an important determinant of breath holding time, subjects were asked to perform this procedure for both concentrations of oxygen until the coefficient of variation for three successive read calculated for each subject. The tidal volume contribution to ventilation was expressed as a percentage of the predicted VT30 (that is, the tidal volume at minute ventilation of 30 1/min). This was derived from the following formula '2: VT30= 0-13 VC + 087, where VC is the vital capacity in litres.
Other tests of autonomic function All subjects performed five tests of cardiovascular autonomic function (pressor responses to prolonged handgrip and standing, heart rate responses to standing, Valsalva manoeuvre, and deep breathing). 13 The resting pupil diameters of 25 diabetic patients and 25 non-diabetic controls were measured in conditions of darkness by means of a flash photograph of the subjects' eyes taken after 30 seconds in the dark. This is a sensitive method of detecting defective autonomic innervation of the pupil. ' 
RESPONSES
Breath holding time ratio The normal range of values for the results of the BHT ratio was defined as those values lying within two standard deviations of the mean of the control group of the same sex. A value for the BHT ratio was considered abnormal if it was below the mean and outside this range. Logarithmic transformation of the data was performed so that the values obtained were normally distributed. The logarithmic value of the ratio exactly two standard deviations below the mean was calculated and converted back into non-logarithmic form. A BHT ratio less than 1-23 in women or less than 1-26 in men was abnormal when calculated in this way.
Carbon dioxide response The measurement of the logarithmic value of the carbon dioxide slope was used to assess an individual's response to hypercapnia. The values obtained in female controls were dependent on the age of the individual and therefore the predicted value for each individual had to be calculated with this factor taken into account. The following regression equations were calculated for both sexes from the results of the control groups. Women: Log CO2 slope = 0-2379-0-0072x RSD = 0-2158 Men: Log CO2 slope = 0-0958-0 0004x RSD = 0-222, where x = age in years and RSD = residual standard deviation.
The lower limit of the normal range was defined as the [2] [3] [4] [5] There were also no differences in the distribution of the sexes, treatment, or prevalence of complications (that is, neuropathy, eye disease, and proteinuria) between the two groups of diabetics, the prevalence of the individual complications in the diabetic group as a whole being 25%, 22%, and 4% respectively. The breath holding time is related to lung volume and alveolar concentration of oxygen before breath holding.25 26 Davidson et a127 showed that the carotid bodies are important mediators of the effect of level of oxygenation on the breath holding time. They studied six normal subjects and five symptom free asthmatics who had undergone carotid body resection. The BHT was similar in the two groups after the inspiration of 100% oxygen as peripheral chemoreceptor activity is negligible at this concentration of oxygen. The breath holding time in the group with resected carotid body, however, was twice that of the control group when 12% oxygen was inhaled. Furthermore, there was no change in the level of ventilation in those who had had the carotid body resected when they were exposed to hypoxia for three minutes followed by 100 % oxygen for one minute, confirming that the breath holding time was an indicator of peripheral chemoreceptor activity. 
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